Rationale: Strongyloidiasis hyperinfection and disseminated disease have high mortality rates due to several complications and early detection of Strongyloides infection is therefore prudent.
Introduction
Strongyloidiasis is a common infection in the tropics and subtropics. The presentation of Strongyloides ranges from subclinical to severe and fatal disease in hyperinfection syndrome and disseminated strongyloidiasis, which have mortality rates of approximately 90%.
[1] If host is immunosuppressed, patients can develop disseminated disease or may lead to a "hyperinfection syndrome," in which larval invasion of the peritoneum, liver, lungs, and central nervous system may occur, followed by bacterial peritonitis, meningitis, and septicaemia. Mortality rates are high, and early detection of Strongyloides infection is therefore prudent. [2, 3] 2. Case presentation A 37-year-old man presented to our hospital with abdominal pain for 2 weeks. The pain was periumbilical, nonradiating, 4/10 in intensity, intermittent with no aggravating or relieving factors. The abdominal pain was associated with nausea, vomiting, loss of appetite, and chronic diarrhea. He did not notice blood or mucous in his stool. The diarrhea was associated with a 50-pound weight loss over the past 6 months. Review of system was significant for persistent frontal headaches with on and off dizziness over the last few weeks. He did not have fever, neck stiffness, blurry vision, rash, trauma, or any other sick contacts. Patient was recently admitted to another hospital with similar symptoms, and as per the records received, was treated for hypoosmolar hyponatremia and discharged after the symptoms had improved. His past medical history was significant for hypertension. He had no previous surgical history. Family history was significant for hypertension in both parents. He drank 3 to 4 beers every weekend. He was born and raised in Honduras, came to the United States in 2004, and had recently moved from Connecticut to New York about 7 months ago. He had not traveled outside United States since he came to the United States and was living with his 2 sisters; none of whom had any similar symptoms.
On presentation the patient was afebrile, with heart rate of 89 beats/min, with blood pressure of 120/62 mm Hg, and an oxygen saturation of 98% on ambient air. On examination, he was cachectic, alert, and oriented, and had dry oral mucosa, sunken eyes, and appeared dehydrated. His cardiorespiratory examination was unremarkable. His abdomen was soft, mildly tender in the periumbilical area with hypoactive bowel sounds. Neurological examination was unremarkable. The initial labs on presentation are tabulated in Table 1 .
He was started initially on hypertonic saline for hyponateremia and possible neurological manifestations secondary to hypovolemic hyponateremia secondary to gastrointestinal losses and later switched to 0.9% normal saline once the serum sodium had improved with resolution of headache and dizziness. The patient was started on antiemetics for vomiting and antibiotics (metronidazole and ciprofloxacin) for diarrhea. Stool studies could not be collected due to patients' noncooperation and later the diarrhea resolved after 2 days of hospitalization. He also had improvement in his vomiting.
His serum sodium levels did not improve to normal values despite medical therapy (Fig. 1) . To evaluate the cause of his persistent hyponatremia, further work up was done that revealed a serum osmolarity of 246 mOsm/kg (275-295 mOsm/kg), urine osmolality 177 mOsm/kg water (300-900 mOsm/kg water), urine sodium <20 meq/L (40-220 meq/L). He had subclinical hyperthyroidism (low TSH, normal T3, and free thyroxine levels). A cortisol stimulation test was done to rule out any adrenal insufficiency as a cause of hyponatremia, which showed appropriate response. The serum sodium levels during the hospitalization are shown in Figure 1 .
The results were consistent with the presence of syndrome of inappropriate antidiuretic hormone secretion (SIADH) as the etiology of this patient's hyponateremia, in addition to the gastrointestinal losses; 0.9% normal saline was discontinued, and he was started on free water restriction. To evaluate the cause of SIADH, further work up including CT scan of head and chest to rule out potential causes of SIADH was performed which were unremarkable. The human immunodeficiency virus (HIV) and rapid plasma reagin (RPR) testing were also negative. His hospital course was complicated with sudden worsening of vomiting and diffuse abdominal pain. A CT scan of abdomen was done for further evaluation, which showed partial small bowel obstruction without any mass. A nasogastric tube was placed, and he was managed conservatively with resolution of the obstruction, but he persistently had intractable vomiting. Considering the history of chronic diarrhea, weight loss, intractable vomiting, he underwent an esophagogastroduodenoscopy (EGD) to evaluate for a possible small bowel pathology. Interestingly, we found edema and widespread whitish spots consistent with intestinal lymphangiectasia in the duodenum (Fig. 2 ). Biopsies were taken from the stomach and small bowel. He was started on restrictive medium chain triglyceride (MCT) diet (low fat, high protein diet). The pathology report from the GI biopsies was reported as presence of extensive strongyloidosis infection with lymphocytic and focal eosinophilic infiltrate (Figs. 3 and 4). He was started on ivermectin. It was recognized that he had systemic strongyloidosis with extensive gastrointestinal involvement as well as being the cause of his SIADH. We wanted to further evaluate the reason of systemic strongyloidosis as it is usually associated with immunosuppression. A human Tcell lymphotropic virus (HTLV) 1 and 2 serology was sent that was reported as positive. After starting treatment with ivermectin patient's symptoms improved with increase in serum sodium and patient was able to tolerate regular oral diet.
Discussion
Strongyloides stercoralis is commonly found in the tropical, subtropical, and warm temperate regions. According to an estimate, about 30 to 100 million people are infected worldwide.
[1] Higher percentage of patients infested with strongyloidiasis is observed in immigrants/refugees from tropical and subtropical countries (e.g., Southeast Asia, Africa, Middle East), [2] and war veterans of World War II and the Vietnam War resided at or travelled to endemic areas. [3] The prevalence of infected individuals ranges from 0% to 46.1% in immigrant populations in the United States as compared with the range of 0% to 6.1% among randomly selected US population.
[1, 4, 5] Our patient migrated to the United States about 12 years ago from South America, an endemic region for S. stercoralis infections.
S. stercoralis is a complex and unique nematode because it completes its entire life cycle within the human host. The invasive filariform larvae are found in soil, water, and feces; they penetrate the skin, and migrate to the lungs via venous circulation. They penetrate the alveoli, ascend through the tracheobronchial tree, and are swallowed. After reaching GI tract, the larvae mature into adult females, reside in the duodenal and jejunal mucosa, and lay eggs. [6] [7] [8] Eggs hatch into rhabditiform larvae, which are either passed in stools or penetrate intestinal mucosa or the perineal skin area causing autoinfection. [6, 8] This mechanism of "autoinfection" is the probable cause of hyperinfection in our patient.
The host innate and adaptive immunity plays a central role in preventing hyperinfection and disseminated disease in strongyloidiasis. It stimulates Th-2 lymphocyte predominant immune response with production of cytokines, IgE antibodies, eosinophils, and mast cells, which execute expulsion, and killing of the parasite. [9] [10] [11] Strongyloides antigens activate eosinophils via the innate immune response. [12] After antigenic stimulation activated eosinophils enhance production of Th-2-specific cytokines including IL-4 and IL-5 [12, 13] . IL-4 induces class switching of B cells leading to production of IgE and IgG4 antibodies. Other cytokines like IL-8 attract neutrophils and contribute in killing of larvae. [10] [11] [12] IgE promotes eosinophil migration, [13] whereas IL-5 stimulates eosinophil growth and activation. [12, 13] Antibodies against Strongyloides, complement activation, and granulocytes via ADCC play an important role in protection against dissemination of infective larvae and development of hyperinfection. The delicate balance between the innate and adaptive immune system allows prolonged survival of the pathogen in the host gastrointestinal tract and prevents invasion. [11, 14] The dysregulation of the host immune system with loss of normal innate and adaptive immune response to worm infection predisposes patients to hyperinfection and dissemination syndromes. [9, 15, 16] The immunologic deficiencies secondary to malnutrition, hypogammaglobinemia, diabetes, hematologic malignancies, use of immunosuppressive drugs, and HTLV-1 are associated with enhanced risk of hyperinfection and dissemination. [14, 17] The immunoglobulins also remarkably contribute to defense mechanisms against S. stercoralis larvae. In humans, lower levels IgM and IgG antibody levels were found in people with severe Strongyloides as compared with individuals with asymptomatic or mild symptomatic individuals. [18] Similarly, it was seen that protective immunity in mice to the infective third larvae (L3) of S. stercoralis involved IgM. [19] Approximately 50% of infected patients are without symptoms. [6, 8] The patients commonly experience gastrointestinal symptoms (anorexia, nausea, abdominal pain, flatulence, constipation, diarrhea, and weight loss). Advanced disease is responsible for causing malabsorption syndromes, paralytic ileus, intestinal obstruction, and gastrointestinal hemorrhage. [6, 8, 20] Pulmonary symptoms (cough, dyspnea, wheezing, and hemoptysis) usually occur during the primary migration phase of larvae in the pulmonary parenchyma. The skin should be carefully examined in suspected cases for the urticarial/maculopapular or serpiginous rash known as Larva currens (racing larva). [6, 21, 22] Our patient has predominantly GI symptoms along with SIADH. Activated Eosinophils play an essential role in protecting against S. stercoralis larvae [23] by inducing the expression of major histocompatibility complex (MHC) class II and potentiating T cells for antigen-specific immune responses. [24] Eosinophils act as APCs for the mediating the primary and secondary Th-2 immune responses against S. stercoralis [24, 25] and serve as an interface between innate and adaptive immune responses. It was found that eosinophil levels were lower in individuals with severe strongyloidiasis, as compared with those with asymptomatic individuals. [26] In another study, it was seen that approximately 75% of patients with chronic strongyloidiasis have peripheral eosinophilia or elevated total IgE levels. [12, 15] Therefore, it is assumed that eosinophil levels may play definitive role in preventing and combating S. stercoralis infection. In our patient, the eosinophil levels were in the lower range initially but increased subsequently after starting antihelmintic activity.
Hyperinfection syndrome is defined as accelerated autoinfection, whereas disseminated disease refers to the massive migration of infective larvae outside of the usual route after invading the gut wall to various organs, including the lungs and central nervous system (CNS). [6] Hematogenous dissemination of enteric bacteria through damaged intestinal mucosa or the invasive larvae itself can facilitate translocation of enteric bacteria [21] and are associated with high mortality rate (up to 87%) due to secondary to bacteremia/sepsis or meningitis caused by enteric pathogens. [27, 28] Development of disseminated strongyloidiasis is usually associated with immunosuppressed state, such as malnutrition; hypogammaglobulinemia; diabetes, chronic alcoholism, renal failure, advanced age, drug therapy with corticosteroids or anticancer medications; hematologic malignancies; solid organ or bone marrow transplantation; human T-lymphotropic virus-1 infection or HIV infection. [8, 29] Our patient had history of alcohol abuse and HTLV-1 infection, which might have had contributed to disseminated disease.
The infection of HTLV-1 in patients with Strongyloides creates a unique imbalance of the immune responses resulting in increased susceptibility of host to disseminated disease. [11, 30, 31] It causes increased interferon-gamma (IFN-g) production while decreasing levels of interleukin-4 (IL-4), IL-5, and IgE antibodies. [32] [33] [34] HTLV-1 can cause immunologic switching from Th-2 responses to Th-1 responses which favors hyperinfection. The suppressed Th-2 responses result in decreased serum concentrations of IL-4, IL-5, IL-13, and IgE antibodies against S. stercoralis. [34] [35] [36] [37] The reduced levels of IL-4 and IgE progressively diminish mast cell function, eosinophil recruitment, and the efficacy of the host immune system to kill the parasite. [11, 38] The activated Th-1 responses increase the expression of IFN-g and tumor growth factor (TGF-b), decrease the serum levels of IgE antibodies against S. stercoralis and IgG4, impair the immune response against strongyloides, and alter therapeutic responses. [39] Our patient was infected with HLTV-1, which might be the primary reason of hyperinfection.
There are no vivid mechanisms describing the development of tumors in strongyloidosis patients, but some malignancies have been reported with hyperinfection syndrome. It includes primary organ cancers such as lung and gastrointestinal and primary hematologic malignancies before starting the immunosuppressive chemotherapy or steroids. [9, 15, 40] Although cases of human immunodeficiency virus (HIV) and S. stercoralis have been reported, [11, [41] [42] [43] the immunoregulatory mechanisms in HIV patients leading to disseminated strongyloidiasis remain controversial. It is assumed that immunocompromised HIV individuals are at high risk of developing hyperinfection with S. stercoralis, but this risk seems less than expected. A study showed significant negative rank correlation between CD4+ cell counts and the percentage of free living worms and the absence of disseminated strongyloidiasis in advanced HIV infection. [44] Another study in Uganda observed that S. stercoralis was not associated with higher viral load. [45] This might be because HIV infects CD4 T lymphocytes and induces T-cell destruction [12] which results in sudden decrease in Th-1 lymphocytes as compared with Th-2 lymphocytes. The Th-1-mediated cytokines production is markedly affected than Th-2-mediated cytokine release which promotes mucosal regulation of strongyloidiasis. [13] In addition, HIV infection causes elevated levels of IgE, eosinophils, and in turn suppresses the development of Strongyloides larvae in the gut necessary for autoinfection. [13, 14] In contrast, cases of hyperinfection have been reported in HIV patients [46] and advances HIV illnesses.
[47]
Tariq et al. Medicine (2017) 96:52 Medicine
To the best of our knowledge, only 8 cases [48] [49] [50] [51] [52] [53] [54] [55] of the syndrome of inappropriate secretion of antidiuretic hormone (SIADH) and Strongyloides infection have been reported in the literature (Table 2) . However, there is extensive involvement of the lung parenchyma or central nervous system seen in most of these cases. In our patient and the case described by Khanna et al, there was no involvement of CNS and lungs, therefore mechanism through which S. stercoralis caused SIADH is not clear. In the present case, the SIADH developed following chronic infection with S. stercoralis accompanied by anorexia, malnutrition, emaciation, and constipation with partial bowel obstruction. These symptoms and hyponatremia improved after treatment for S. stercoralis.
Diagnosis of S. stercoralis infection can be challenging as single fecal sample examination has low sensitivity (75.9%) because of intermittent parasite burden and excretion. [7, 8, 56] Therefore, if there is high suspicion of infection, up to 3 stool samples or multiple duodenal fluid aspirates increase the sensitivity up to 92%. [39, 56] Stool culture on a blood agar plate is a very sensitive technique because it identifies the motility of Strongyloides larvae to diagnose infection. [39] The diagnostic sensitivity is enhanced using modern techniques of polymerase chain reaction (PCR) and enzyme-linked immunosorbent assay (ELISA)-based immunoassay. [56] [57] [58] Eosinophilia is nonspecific which can be seen in approximately 75% of patients with uncomplicated Strongyloidiasis infection and can be absent in immunocompromised individuals, especially those treated with steroids. [59, 60] Cases of disseminated strongyloidiasis necessitate further evaluation of all organs which might be infected; this includes BAL, duodenal/Jenjunal fluid sampling, and/or biopsies or skin biopsy. [56] The diagnoses of strongyloidiasis in our case were made with esophagogastroduodenoscopy and biopsy of gastric and duodenal mucosa which showed many S. stercoralis larvae.
Ivermectin is more effective in eradicating infection; including patients who did not respond well to thiabendazole therapy. Ivermectin has shown better response when given 200 mg/kg/d orally for 1 to 2 days for complicated intestinal strongyloidiasis or 200 mg/kg/d orally for 2 weeks for hyperinfection or disseminated infections until stool and/or sputum examinations are negative (CDC). One study demonstrated a higher (83%) cure rate with 200 mg/kg as a single-dose ivermectin as compared with 400 mg/d for 3 days albendazole (38%). [61] Our patient achieved cure after 14 doses of ivermectin verified by a stool testing along with improvement of vomiting and serum sodium levels. Patients who experience frequent relapses may benefit from monthly treatment regimens. [8, 62] Cases of disseminated strongyloidiasis not responding to conventional regimens might benefit from the combination of ivermectin and albendazole and should be continued until there is evidence of parasite eradication. [46, 47, 63] It is proposed that patient should be followed with serial antibody testing after curative treatment. But further research is needed to establish this strategy as a marker of eradication. [64, 65] 4. Conclusions SIADH has been described with systemic strongyloidiasis hyperinfection and likely etiology attributed to CNS or pulmonary involvement. [48, 49, 51, 66] Our case had only GI involvement without CNS or pulmonary features, therefore mechanism through which Strongyloides caused SIADH remains unknown. Additional studies are needed to unveil the mechanisms of SIADH and human strongyloidiasis. It is very important to suspect strongyloides infection in a patient presenting with SIADH as hyperinfection and disseminated disease can be life threatening without antihelmintic therapy. 
